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Abstract
Inthisstudy，wedevelopedanalgorithmtocorrectthetopographicimpact
onsatelliteimagery・First，weanalyzedthetopographyinduceddistortionlt
wasshownthatthevariationofaspectcancauseobviousdifhentdistortions
intheremotelysensedimage，andimpacttheimageilluminationsignificantly、
Becausetheilluminationisthebasisfortopographiccorrectionalgorithms，we
consideditsvariationindifferentsun-facingaspectsincalculatingacorrection
parameterandtookｉｔａｓａｋｅｙｅｌｅｍｅｎｔｉｎｔｈｅｐｒｏｃｅｓｓｉｎｇofcorrection・The
improvedcorrectionalgorithmwasdevelopedontheabovebasis・Then・weapplied
themodifiedcorrectionmethodontheactualLandsatThelnaticMappersatellite
image、Thetopograplliccorrectionwasdonewithdifferentimagedata,different
seasonanddifIerentsolarangleWealsoappliedtheapplicationonvegetation
NDVIstudyThecorrectedresultsshowedtheefTectivenessandaccuracyusing
thisapproach
ｌｌｎｔｒｏｄｕｃｔｉｏｎ
Remotesensingisanimportanttoolonlargescalevegetationstudy・Ideally，
thesalnelnaterialsontheearth，ssurfaceshouldhavethesamereflectancechar-
acteristics,whichareobservedasdigitalimagebrightnessvaluesbyasensor・In
ruggedmountainareas,becauseofthecomplextopography,theilluminationvaries
remaｴkablyanddramaticallyaffectsthebrightnessvaluesoftheimagepixels・Ｔｈｅ
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aimofourstudyisdevelopingalnethodtocorrectthetopographycausedilnage
distortioncompletely．
２DatabaseandProcessing
Landsatsatelliteshaveprovidedrepetitiveglobalcoverageofhigh-resolution
multispectralimagery・LandsatThematicMapperincludes7bandsandeachband
hasadifferentfeatUre、Ｂａｎｄ４ｏｒｂａｎｄ５ｉｓｔｈｅｂｅｓｔｂａｎｄｆｏｒvegetationstudies・
Inthisstudy,theLandsatThematicMapperimagewｅｕｓｅｄｔｏｏｋｏｎＡｕｇｕｓｔｌ,l985
andJunel8，１９９８ThetestsiteisnearMountainHakusaninthecenterofJapan
Digitalelevationmodel(DEM)dataprovidethemeanstocorrectthedataina
satelliteimagefbrthetopographicef]fectJfomDEM,thesurfaceslopeandaspect
canbedefined,andthesurfaceorientationcanbedeterlninedbycalculatingthe
slopeandaspectofasurface
AlldatasetsusedinthisstudywererectifiedandgeocodedexactlytotheUni-
versalrransverseMercator(UTM)coordinatesystem
sTbpographichctor，sｅＨｂｃｔ
ThebrightnessvalUeofanobservedpointcanbeaffectedbytopographiccon‐
ditionsandtheemissionpropertiesoftheobservedobjects、Theeffectofone
topographicfactorcanbeanalyzedbykeepingtheotherunchanged
3.1Aspecteffbct
Theaspecteffectonbrightnessvaluesinsun-facingareaislessstrongthanin
shadowarea．
3.2Ｓｌｏｐｅｅｆｆｂｃｔ
lnsun-facingarea，thedistributionofbrightnessvaluesislargerwiththelarger
ofslopelnshadowedareas,themeanofbrightnessvaluesislow,anddistribution
showslargescatterineachsloperallge・Becauseoftheaspect，sstrongeffectin
shadowarea,ｔｈｅｓｌｏｐｅｅｆｆｅｃｔｃａｎｎｏｔｂｅｃｌｅａｒｌｙｓeｅｎｌtisshownthattheslope
effectinbrightnessvaluesisnotstrong．
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3.3111umination
Illuminationistheelenlentarypointoftopographiccorrection・Ｉｔｉｓｄｅｆｉｎｅｄａｓ
ｔｈｅｃｏｓｉｎｅｏｆｔｈｅｓｏｌarincidentanglej，thusrepresentingtheproportionofthe
directsolarradiationhittingthesurfaceダTheilluminationistherefbredepending
ontherelativeorientationofthesurfacetowardsｔｈｅsun，sactualpositionFor
atargetpoint，thesolarincidenceangledistheanglebetweenthesolarradiance
lineOAandthenormallineOB,andilluminationcos(j)canbedefinedasl
COS(j)＝、､而 (1)
Illuminationsynthesizesthesurfacetopographyfromsolarposition，andshows
salnepatternwithaspect、Itindicatestheaspecthasstrongimpactonillumi-
nationTheslnallertheillumination，thelargerthesolⅢincidenceangle，the
strongertheimagedistortion
４Ibpograpllycorrectionmethods
Fourtopographicslope-aspectcorrectionmethodsareoftenusedTheyare：
statistic-empiricalcorrectio､，cosinecorrection，MinnaertcorrectionandCcor‐
rection・EachcorrectionisbasedonilluminationEachtopographiccorrection
methodrequiresadigitalelevationnlodel(DEM)ofthestudyarea・TheDEMis
processedsothateachpixel，sbrightnessvaluescanrepresenttheamountofillu-
minationitshouldreceivefromthesun・Thisinformationisthenmodeledusing
anyofthefOuralgorithlnstoenhanceorsubduetheoriginalbrightnessvaluesof
therelnotesensordata．
５Improvedtopographiccorrectionalgorithm
5・lOurconsideration
Theformercorrectionmethodsarestillnotperfect・Ithasbeenaddressed
thatthesemethodscanobtaincorrectiontoacertaindegree，ｂｕｔｉｔｉｓｄｉｆＩｉｃｕｌｔ
ｔｏｒｅｍｏｖｅｔｈｅｔｏｐographicelfectcompletely・Thisisbecauseofthefeaturesof
theimagedistortionfbrnlingprocess・Althoughsonletopographyfactorssuchas
surfaceslopeandaspectcausetheimagedistortiontogether，alnongtheln，the
surfaceaspect,ｓｅｆｆｅｃｔｉｓｍｏｒｅｏｂｖｉｏｕｓａｎｄｐｌａｙｓａｄecisiveroleintheprocessing
ofimagedistortionThisfeatureshouldbereflectedonthecorrectionprocessing．
-145-
５．２１ｍprovedtopographiccorrectionalgorithm
Amodifiedcorrectionalgorithmisdevelopedonthebaseofouraboveanalysis
First，ｗｅｄｉｖｉｄｅｄｔｈｅｉｍａｇｅｐｉｘｅｌｓａｓｔｈｅｓｕn-facinggroupandshadowedgroup・
Assumingalinearrelationbetweentheoriginalpixelvalueandillumination,We
cancalcUlatethecorrectionparametercofeaChgroup．
(2)LzFmj・COS(i)＋bｊ
ｈＪｌ町一一の (3)
Thefinalcorrectionfunctionisthe､：
|;二!｛;ニニデ’ (4)ＬＨ＝ＬＴ
where：
ＬＨ：pixel，sbrightnessvalueofthecorrectedｄａｔａ
ＬＴ：pixel，ｓｂｒｉｇｈｔｎｅｓｓｖａｌｕｅｏｆｔｈｅｒａｗｄａｔａ
ｓｚ：solarzenithanglo
j：thesolarincidenceangle
j＝lwhenusingpixelsinsun-facingareas
ノー２whenusingpixelsinshadowedareas
Mathelnatically,theeffectofcincreasedthedenominatorandweakenstheover-
correctionOffaintlyillunlinatedpixelsasaconsequence．
６EHCctivenessanalysis
6､１～CorrectionJ
ＷｅｃｏｒｒｅｃｔｅｄｔｗｏＬａｎｄｓａｔＴＭｉｍａｇｅｕｓingtheimprovedalgorithmThetwo
scenesweretakenindifIerentseasons，whichisindicatedbythedifferentsolar
positionanddifferentvegetationgrowthconditionByanalyzingthebrightness
value,histogramofrawdataandcorrecteddata,weobtainedsatisfj/ingtheresUlts
usingtheimprovedalgorithm
6.2Applicationinvegetationstudy
WealsoappliedtheapplicationonvegetationstudyTheNormalizedDiffer-
enceVegetationlndex(NDVI)whichcalculatedfromthecorrecteddatawasmore
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accurate．
6.3Errorsourcesanalysis
Weconsideredthreeerrorsourcesinthisstudy・Ｔｈｅｙare：atmosphericeflねct，
cast-shadowofsurroundingobjectsandclouds,andDEMspatialresolutionand
registrationerrorbetweenDEMandotherdatasets．
７Ｃｏｎｃｌｕｓｉｏｎ
Inthisstudy,wehaveanalyzedtheeffectoftopographyfactors1developeda
modifiedcorrectionalgorithln，evaluatedefIectiveness，ａｎｄａｐｐｌｉｅｄｉｔｔｏＮＤＶＩ
ｓｔｕｄｉｅｓ
学位論文審査結果の要旨
平成１３年７月３０日の第１回論文審査委員会,および同７月３１日の口頭発表と第２回論文審査委員会にお
いて審査した結果，以下の通り判定した。
地上の広域の様子を定期的に観測するためには，衛星画像を利用するのが効率的である。しかし，日本は
山岳地域が多いため，衛星画像を利用する際には地形による影響の補正は必要不可欠である。
本論文では，衛星画像の地形による影響を補正するアルゴリズムの開発を目的とした。まず画像に歪みを
起こす地形の分析を行った。地形の分析にはＤＥＭデータを使用した。その結果，斜面の方角が，衛星画像の
歪み方に明白な差を生じさせ，画像の照度に多大な影響を与えていることが明らかになった。そこで，斜面
の方向を考慮した新しい補正アルゴリズムを開発した。実際のLandsat衛星ＴＭ画像について，本補正アルゴ
リズムを適用し，その有効性を評価した。すなわち，季節あるいは太陽角が異なる画像データに対して，そ
れぞれ地形補正を評価した。更に，植生の解析に広く用いられるＮＤＶＩ画像にも本アルゴリズムを適用した。
本手法を用いた補正結果は効果的かつ正確なものであり，本手法の有効性が確認された。
以上の研究成果は，衛星画像の地形補正の新しいアルゴリズムを開発しており，その応用分野も広く，本
論文は博士（工学）論文に値するものと判定する。
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